Diarrhea remains a major health issue in developing countries, with high morbidity and mortality rates. Determining the incidence of acute diarrhea in children and its associated factors is crucial to the planning of preventive approaches. The objective of this study was to determine the incidence of diarrhea and to assess some relevant associated factors to it in children younger than 40 months living in two slums of Salvador, Brazil. This is the first prospective cohort, community-based study that was performed in two periurban slums of Salvador, Brazil. Eightyfour children younger than 40 months were randomly selected and visited every other day for one year. The chisquare test was used to evaluate the occurrence of diarrhea and its associated factors. During the surveillance period, 232 diarrhea episodes were identified, resulting in an incidence rate of 2.8 episodes/child/year. In average (mean value of 84 children),each child suffered 11.1 days of diarrhea per year, yielding an average duration of 3.9 days per episode. The highest incidence rates were found among children under one year old. Early weaning, male sex, malnutrition, having a mother younger than 25 years or who considered her child malnourished, missed immunizations and previous pneumonia were associated factors for suffering diarrheal episodes. The rates of incidence and duration of diarrhea that we found are in accordance to those reported by others. Additionally, our results reinforce the importance of environmental and health-related associated factors to the onset of diarrhea.
Acute diarrhea remains as one of the most prevalent diseases affecting young children in developing countries in spite of the growing knowledge achieved in recent years. Even though programs sponsored by World Health Organization (WHO) and other improvements on the quality of life of several populations have succeeded in decreasing mortality rates, the incidence of diarrhea in children younger than five years in developing countries remains high, at 3.2 cases per child per year [1] [2] [3] , but rates can be as high as 11 episodes of diarrhea per child per year in extremely poor areas [4] . At the end of 20 th century, 2.5 million deaths are estimated to have occurred worldwide each year, making diarrhea responsible for 21% of deaths of children younger than five years old [3] .
Estimates of the burden of diarrhea in developing countries are scarce, and may considerably underestimate the magnitude of the disease because of methodological issues both on studies reporting such rates and on systems used to gather epidemiological data [3, [5] [6] [7] . Several studies present diverse rates of incidence, duration and prevalence of diarrhea, probably because of divergent methods and intrinsic disparities among the populations studied [7] [8] [9] [10] [11] [12] .
Acute diarrhea might strike individuals at any age, but it is mostly an infant's disease, affecting especially those younger than one year [4, 13, 14] . The period of weaning is a major factor to favor the occurrence of diarrhea, while many other risk factors should also be considered, such as low socioeconomic level, poor hygiene habits, unsavory dwelling, elevated environmental exposure to enteropathogens and poor nutritional status [4, [15] [16] [17] [18] [19] [20] .
The objective of this study was to determine the incidence of diarrhea in children who live in poor conditions and to describe possible associations between the incidence and the duration of the episodes of diarrhea and age, sex, nutritional status, duration of breastfeeding period, previous diseases, vaccination and socioeconomic and demographic status.
Material and Methods
This is a prospective study that was performed in Nova Divinéia and Vila Balbino, two urban slums in Salvador, Brazil, whose demographic, social and sanitary conditions are described elsewhere [20] . Data about epidemiology of diarrhea or its seasonal characteristics in these two slums are unknown. The slums were selected according to their sanitary structure (described in detail in reference 20): Nova Divinéia (hereafter termed community 1) had no sanitary improvement, while Vila Balbino (hereafter termed community 2) had a drainage and sewerage system that drained rain water and detritus.
Eighty-four children younger than 40 months (42 from each slum) were enrolled in the study after being selected at random among those who lived in the slums and were visited every other day for one year by members of the research team who inquired their caregivers about the occurrence of diarrhea on the day of the visitation or on the previous day. This sample size allows the identification of X% differences on the incidence of diarrhea between the two studied communities with alfa of .05 and a beta of .20. Informed consent was obtained from the parents or legal guardians of all children and the whole research was conducted according to the guidelines for research involving humans of the Ethics Committee of the Professor Edgard Santos University Hospital, Federal University of Bahia, Brazil.
Diarrhea was defined by the passing of three or more loose stools on a 24-hour period regardless of the presence of blood, mucus or pus, as detected by the parents or by the responsible caregiver. An episode of diarrhea was considered to be the occurrence of diarrhea after three or more days free of diarrhea.
Data about demographic characteristics of children and their family was collected at the beginning of the study. A follow up questionnaire developed and applied by authors was administered in domiciliary visitation every other day, and the duration and clinical outcome of the episodes of diarrhea were registered. A responsible adult trained was available in all domiciliary visitations.
The independent variables studied were related to children (sex, age, duration of breastfeeding period, immunization, previous diseases and nutritional status as classified by Waterlow and modified by Batista and Z score), to the families (mother's age, total amount of children and of children younger than five years) and to the hygiene habits (handwashing, type of water source). The chi-square test was employed to assess the association between the variables with a 95% confidence interval (CI) and also to evaluate associations with odds ratio (OR).
Results
The majority of the 84 children were younger than 24 months: 22 (52.3%) in community 1 and 24 (57.1%) in community 2. Median age was 21.5 months (± 10.1 months) in community 1 and 20.5 months (± 10.6 months) in community 2. The distribution according to sex was similar: 36 (42.9%) girls (community 1: 41.6 % and community 2: 59.1 %) and 48 (57.1%) boys (community 1: 58.4 % and community 2: 40.9%). There was a preponderance of boys but without significance (p < 0.05).
The every other day follow up visit was successfully completed and no lost occurred.
Incidence, Duration and Prevalence of Diarrhea
The prevalence of diarrhea found at the moment of the first visit was 3.6%. There was no significant difference on the incidence of diarrhea between the two slums. During the one-year period of observation, a total of 232 episodes of diarrhea were identified, resulting in approximately 2.8 episodes per child per year (2.6 episodes per child per year in community 1 and 2.9 episodes per child per year in community 2), ranging from 1 to 18 episodes per child per year. Twentyone (25.0%) children did not present any episode of diarrhea during the whole observation period; 13 (61.9%) of them lived in community 2. The average number of children affected per month was 5.0 (5.9%).
The total number of days of diarrhea registered was 936, resulting in an average of 11.1 days of diarrhea per child per year (9.8 days of diarrhea per child per year in community 1 and 12.5 days of diarrhea per child per year in community 2). The total duration of diarrhea ranged from 0 to 85 days per child per year. The average duration was 3.9 days per episode per child per year.
Association of the Number of Episodes (> 3) and the Duration (> 6 days) of Diarrhea with Independent Variables When all 84 children were considered, several differences were observed. However, most of them did not reach statistic significance, as shown in Table 1 .
Stature/age ratio inferior to -1 Z score was an associated factor for suffering a greater number of episodes of diarrhea: children with low stature were almost three times more likely to have more than three episodes per year than their normal counterparts. Sex, age and early weaning were also found to be associated factors for a longer duration of episodes of diarrhea. Male children had their risk of presenting diarrhea for more than six days per year increased more than twice in relation to female children (p < 0.05). Also, infants who were in the first year of life by the beginning of the study were three times more likely to suffer diarrhea than older children (p < 0.02). Weaning on the first month of life was associated with a 2.6 times increased risk for such children to suffer diarrhea for more than six days per year.
Although not all the variables reached statistical significance, some of them showed a tendency toward association. Male sex, previous history of pneumonia, having more than two siblings or a mother who does not wash her hands regularly were possibly associated to the occurrence of three or more episodes of diarrhea per child per year. Other variables, such as the lack of mother's hand washing after children hygiene, were considered to be probably associated with the occurrence of more than six days of diarrhea per child per year. Previous history of pneumonia was associated with increased incidence and duration of diarrhea.
Data were further analyzed for differences between the communities. In community 1, the occurrence of more than three episodes of diarrhea per child per year was associated with male sex, weight/height ratio inferior to -1 Z score and previous history of pneumonia. Mothers younger than 25 years old or who had more than three children or who considered her child malnourished were also associated with increased incidence of diarrhea in children from community 1, but not for those from community 2. In both communities, age under one year, exclusive breastfeeding period shorter than one month and stature/age ratio inferior to -1 Z score were found to be associated factors for the occurrence of three or more episodes of diarrhea per child per year (Table 2) .
Regarding the duration of the episodes of diarrhea (Table  3) , it was observed that, in community 1, chronic malnutrition (indicated by stature/age ratio < -1 and weight/height ratio < -1) was associated to an increased risk for children to present episodes of diarrhea lasting more than six days. Furthermore, belonging to a family with more than one child younger than five years old, being considered malnourished by the mother and having a mother who does not wash her hands after children's hygiene were factors associated with longer Table 3 . Risk factors for a single child to suffer six or more days of diarrhea over one year among children living on both slums episodes of diarrhea. On the other hand, in community 2, children younger than one year or who had pneumonia were more prone to suffer episodes of diarrhea lasting more than six days. Male sex, exclusive breastfeeding period shorter than one month, inappropriate immunization, having two or more siblings and mother's age inferior to 25 years were associated with longer episodes of diarrhea regardless the sanitary condition of the slum.
Discussion
Herein is presented the first Brazilian prospective study on diarrhea in which domiciliary visitation was made every Diarrhea in Children other day for one year. This method differs from other studies which collected data on home visits once in a month [21, 22] , fortnightly [15, 20] , and once [4, 8, 14] , twice [23] [24] [25] or three times [26, 27] in a week. To our knowledge, the study from Haque et al. [12] is the only one with the same methodology to ours published to date. It has already been noted that more frequent interviews increase the reliability of data collected, as intervals longer than two days may result in falsely decreased estimates of diarrheal episodes, which is possibly due to informants' poor recalling ability [6, 7, 28] . The average incidence and duration of diarrheal episodes that we found are in accordance with the expectations of the World Health Organization and the Panamerican Health Organization for children who live in poor conditions in developing countries [29, 30] . We found no significant difference on the incidence of diarrhea between the two slums, while most children who did not have a single episode of diarrhea during the period of observation lived in community 2, where sewerage is present.
Studies carried out in developing countries reveal the importance of boys' greater environmental exposure for a greater likelihood of suffering diarrhea [14, 20] . On this study, boys had a higher incidence and, more importantly, a longer duration of the episodes of diarrhea than girls. The importance of environmental exposition to the occurrence of more episodes of diarrhea is demonstrated by the four-time increased risk for boys living in community 1 to suffer more episodes of diarrhea than boys who live in community 2. It may be attributed to the presence of a better sanitary system that theoretically decreases environmental exposition to pathogens.
There is great agreement that children younger than two years are the most affected by diarrhea [9, 13, 15] while some have identified an increased incidence of diarrhea in children younger than one year [1, 4, 14] . Our data indicated that both the number of episodes and the duration of diarrhea were greater in that age range. Another point to deserve special attention on that issue is early weaning, which exposes infants to environmental contaminants in poor hygiene conditions. Thus, early weaning is a putative factor to the onset of diarrhea in this age range, chiefly in infants younger than six months [4, 16] . The protective effect of breastfeeding to infants younger than six months is well established, as well as the role of immunizations. Early weaning and incomplete immunizations have a synergistic effect in enhancing disease.
In our study, stature/age ratio inferior to -1.01 Z score was an associated factor to increased incidence of diarrhea and was possibly associated to a longer duration of the episodes. Since this nutritional evaluation refers to nutritional status in the beginning of the study, one can assume that this degree of malnutrition favored the occurrence of more episodes of diarrhea during the year of observation. A weight/stature ratio < -1 was shown to be associated to increased incidence of diarrhea in community 1, where children were more exposed to environmental contamination, while both stature/age and weight/stature ratio < -1 were associated with an increased duration of the episodes of diarrhea in community 2.
Some associated factors that affect that age range are already well set, such as early weaning, which exposes infants to environmental contamination especially in poor sanitation conditions, thus being responsible for the onset of diarrhea in this specific population, mostly on infants younger than six months [4, 16] . Early weaning was shown to be a factor favoring increased incidence and duration of diarrhea (p < 0.03). The early exposure to other foods, generally cow's milk, in diluted and contaminated preparations exposes children to the major associated factors for diarrhea: contamination and malnutrition. Indeed, early weaning was found to be an associated factor for increased incidence of diarrhea and is possibly associated with increased duration.
Other factors also contributed to increase both incidence and duration of diarrhea. Inappropriate immunization favored longer episodes of diarrhea regardless the sanitary conditions. Previous pneumonia was related to increased incidence of diarrhea in community 1 and to increased duration of the episodes in community 2. Pneumonia is considered an indirect health indicator [19] because it reflects both parental care and child's exposition to associated factors for infectious diseases. Still concerning parental care, children who lived in community 1 and were considered malnourished by their mothers were more likely to suffer more episodes of diarrhea and with increased duration. In community 1, mothers who did not wash their hands after child's hygiene increased the risk of their children to present longer episodes of diarrhea. These factors are associated to family's low educational level, availability of water and to environmental contamination in a community without basic sanitation structure [17, 30] .
The strengths of the study were the prospective cohort design and the methodological strategy of each other day visitation. As weaknesses, the unknowledged prevalence or seasonal characteristics of diarrhea in those two communities and the no accomplishment of a multivariate analysis hardened the generalizability of the study findings, however the results of this study agreed with the international medical literature.
In conclusion, the average number of diarrhea episodes found in this study is similar to that found by others in children living in poor socioeconomic and sanitation conditions. These results reinforce the importance of some associated factors as chronic malnutrition, low age and early weaning to the onset of diarrhea, emphasizing the multifactorial nature of diarrhea.
